Introduction
A number of pesticides may pose a hazard to wild and domestic animals and humans owing to their ability to alter the normal functioning of mammalian endocrine and reproductive systems (Colborn et al, 1993) . The reproductive effects of endocrine disrupting chemicals have been identified as a critical research priority in a number of recent government workshops (see Kavlock et al, 1996) .
Mink are carnivores of agroforestry fringe habitats and are exposed to endocrine disrupting environmental contaminants that biomagnify within the food chain (Giesy et al, 1994; Heaton et al, 1995) . Mink are seasonal breeders with induced ovulation (Hansson, 1947; Sundqvist et al, 1989) . In mammals, the early embryonic period may be especially susceptible to disruption by pesticides (Mably et al, 1992; Gray et al, 1994; Guo et al, 1995) and mink may be particularly sensitive owing to their system of delayed implantation; hence mink are often used in studies of reproductive toxicology (Aulerich et al, 1973; Calabrese et al, 1992; Crum et al, 1993;  Backlin and Bergman, 1995; Heaton et al, 1995) .
Organochlorine pesticides are considered persistent environ¬ mental contaminants and are routinely detected in air, dust sediments, ground water and body tissues of animals and humans (Baukloh et al, 1985; Foster, 1995; Sonawane, 1995; Waite et al, 1995; Tate and Heiny, 1996;  Thompson and Treble, 1996) . Carbamate pesticides are less persistent than organochlorines, but are still present in air, food and ground water and are generally more toxic (Gupta, 1994) . Wild animals may be particularly at risk from chronic exposure to subacute concentrations of pesticides as they live in areas of treated farmland and drink water contaminated by agricultural runoff.
In the present study, the effects of three pesticides on reproduction in mink were examined. The organochlorines used were lindane (the gamma isomer of hexachlorocyclohexane) and pentachlorophenol (PCP) , and the carbamate used was carbofuran. These pesticides were chosen because they are used extensively in the prairies, and their toxic effects have been previously investigated (Spencer, 1982; Ecobichon, 1991) .
Lindane is an insecticide present in a variety of agricultural, medical and veterinary products that are used widely, particularly in developing countries, for the control of pests that transmit vector borne diseases (Ecobichon, 1991) .
Pentachlorophenol has been used extensively as a general biocide and wood preservative (Exon, 1984) . Carbofuran is a broad spectrum insecticide used in agriculture and forestry throughout the world (Gupta, 1994) . Previous mammalian studies of endocrine and reproductive effects of pesticides are *Reprint requests.
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limited (particularly for carnivore species) (O'Brien et al, 1993) .
However, studies in rodents have indicated that lindane (Sircar and Lahiri, 1989; McNutt and Harris, 1994) and pentachloro¬ phenol (Welsh et al, 1987) alter embryonic development and oestrous behaviour (Uphouse, 1987 Gupta, 1994) .
Other carbamate pesticides have been shown to affect fertility in sheep (Grendon et al, 1994) . The doses used in the present study were based on previous studies (Spencer, 1982; Ecobichon, 1991) Preliminary study Doses to be used were based on previous data for rats (Spencer, 1982; Ecobichon, 1991) (Lagerkvist, 1992 (Sokal and Rohlf, 1969 (Lagerkvist, 1992) . Therefore, a missed second mating would be expected to reduce whelping rates and it was clear from the results of the current study that mink that mated only once had a significantly lower whelping rate than mink that mated twice. Experiment 2 showed that when the mating response was equivalent in lindane and control mink, there was still a decreased whelping rate. Again, implantation rate was unaffected by treatment and, therefore, the majority of embryo loss was deemed to have occurred after implantation. Similar results have been observed in mink exposed to polychlorinated biphenyls (Backlin and Bergman, 1995) .
This study is the first to show that lindane causes increased embryo loss in mink; however, the mechanism by which lindane has this effect is unclear. Previous studies in rabbits (Palmer et al, 1978a ) and mice (Sircar and Lahiri, 1989 ) using short-term treatments with high doses of lindane at various stages of pregnancy showed a marked negative effect on fertility. However, when progesterone and oestradiol were given with lindane during early pregnancy, both implantation and fetal development were normal (progesterone alone had no effect; Sircar and Lahiri, 1989) . Lindane decreased the rate of steroidogenesis in mice by inhibition of cholesterol side chain cleavage (Sircar and Lahiri, 1990 ) and has been shown to decrease progesterone concentrations (Srivastava and Raizada, 1993) . Lindane has also been shown to be anti-oestrogenic, in that it blocks the response of oestrogen-dependent tissues to oestradiol (Chadwick et al, 1988; Cooper et al, 1989; Laws et al, 1994 (Aim et al, 1994) and bovine (Aim et al, 1996) embryos in culture. Hassoun and Stohs (1995) indicated that certain fetotoxic effects of lindane may be due to Superoxide production induced by oxidative stress. The decreased incidence of haemosiderosis in mink treated with lindane in the present study may have been a symptom, rather than a cause, of the decreased whelping rate in the second experiment. Alternatively, it may have been a direct effect of lindane, suggesting an inhibition of the monocytemacrophage system or an alteration in endothelial integrity, which may play a role in the increased incidence of embryo loss. It is unlikely that the increased incidence of embryo loss observed merely represents a symptom of general pesticide toxicity, since no significant lesions related to the treatments were observed in the histological examination and no detri¬ mental effects on feed intake or body weight were recorded.
In the present study, whelping rate in mink was also decreased by pentachlorophenol. In rats, pentachlorophenol has been shown to increase the incidence of fetal reabsorption and to cause an increase in fetal abnormalities when given during organogénesis and at doses at least tenfold higher than those given in the present study (Schwetz et al, 1974; Exon, 1984; Welsh et al, 1987) . Exon (1984) suggested that the major mode of action of pentachlorophenol was its ability to uncouple oxidative phosphorylation. The increased severity of cystic uterine glands may have contributed to the increased incidence of embryo loss in the mink treated with pentachlorophenol. Cystic uterine glands may be associated with uterine infection and this could indicate an immunosuppressive activity of pentachlorophenol on the uterus. In the present study, carbofuran had no effect on reproductive function in mink, in agreement with work in rats (Barnett et al, 1980) . The doses of lindane and pentachlorophenol used in the present study were lower than those used in some previous studies in which no effects were observed on embryo loss in rats (Palmer et al, 1978b; Welsh et al, 1987 . In mink, an increase in prolactin terminates embryonic diapause by initiating progesterone production (Murphy et al, 1981 (Mead and Eroschenko, 1995) . McRae (1994) (Tauson, 1988 (Kamrin el al, 1994) . This effect appears to be mediated by an increase in arachidonic acid (Criswell and Loch-Caruso, 1994 (Lindenau et al, 1994 (Cranmer et al, 1978) . Lindane treatment in rats has been shown to affect adrenal function adversely, leading to a reduction in plasma glucocorticoid concentration (Lahiri and Sircar, 1991) ; however, in rabbits, lindane treatment causes an increase in cortisol secretion (Anand et al, 1990 ).
In conclusion, this study showed that exposure of mink to the organochlorine pesticide lindane caused an increase in the number of embryos lost after implantation. The mechanism of this effect is unclear but may involve a disruption in oestrogendependent changes normally associated with pregnancy as is seen in mice treated with lindane (Sircar and Lahiri, 1989 
